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Edited by Thomas So¨llnerAbstract During vesicular transport, the assembly of the coat
complexes and the selection of cargo proteins must be coordi-
nated with the subsequent translocation of vesicles from the do-
nor to an acceptor compartment. Here, we review recent
progress toward uncovering the molecular mechanisms that con-
nect transport vesicles to the protein machinery responsible for
cytoskeleton-mediated motility. An emerging theme is that vesi-
cle cargo proteins, either directly or through binding interactions
with coat proteins, are able to inﬂuence cytoskeletal dynamics
and motor protein function. Hence, a vesicle’s cargo composition
may help direct its intracellular motility and targeting.
 2007 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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As the molecular basis for transport vesicle assembly and
vesicle fusion become clearer, recent research eﬀorts are focus-
ing on the motility events that translocate vesicles from a do-
nor to an acceptor compartment. Both the microtubule and
actin cytoskeletons make essential contributions to intracellu-
lar vesicle and organelle motility. Microtubules serve as tracks
for transport via the motor proteins dynein and kinesin [1,2].
Microtubules are polarized with minus ends often localized
at the juxtanuclear centrosome and plus ends present at the cell
periphery. Hence, the minus-end-directed motor, dynein, is
implicated in motility toward the cell interior while the plus-
end-directed family of motors, kinesins, often mediates move-
ment toward the cell surface. Actin contributes to vesicle
motility in distinct ways [2,3]. First, actin serves as a track
for the myosin family of motor proteins. Second, actin poly-
merization itself can propel vesicles in a manner related to
the extrusion of leading edge during cell motility and the ‘‘co-
met-tail’’ motility of some pathogenic bacteria.
Regulatory mechanisms must exist to coordinate the cyto-
skeleton-based translocation machinery with the events of ves-
icle assembly (Fig. 1). In the case of motor-protein-mediatedAbbreviations: COPI, coat-protomer I; TIRF, total internal reﬂection
ﬂuorescence; Hip, huntingtin interacting protein, low-density lipopro-
tein; EGF, epidermal growth factor; ERM, ezrin/radixin/moesin; ER,
endoplasmic reticulum; ERGIC, ER/Golgi intermediate compartment
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tors bind or are active only on the assembled vesicles and not
on the donor organelle (Fig. 1A). This implies that a motor-
binding site is created or activated during the process of vesicle
assembly. Furthermore, temporal coordination of vesicle
assembly and motor-mediated motility must occur so that
translocation away from the donor organelle occurs only after
the completion of cargo packaging and vesicle scission
(Fig. 1B). Premature motor function could lead to the translo-
cation of empty vesicles or the formation of tubular rather
than vesicular carriers. Finally, a given type of vesicle may
mediate multiple traﬃcking steps within the cell. For example,
coat-protomer I (COPI) vesicles are implicated in bidirectional
transport at the Golgi complex [4] and in transport among
endosomal compartments [5]. These various transport steps
may require distinct interactions with the cytoskeleton or
motor proteins. Thus, directional regulation may be required
to select the correct motor protein for each step (Fig. 1C).
Details about the molecular basis for spatial, temporal, and
directional regulation of cytoskeleton-dependent vesicle motil-
ity have emerged from recent studies. One important line of
investigation has involved the use of time-lapse microscopy to
determine the order in which various coat components and
cytoskeletal proteins associate and dissociate from sites of
clathrin-coated vesicle budding. Other research is yielding in-
sight into protein interactions involved in signaling pathways
that function to coordinate cargo selection and vesicle assembly
with cytoskeletal dynamics and motor protein recruitment.
Also, structure function analysis of motor proteins is leading
to the identiﬁcation of speciﬁc motifs that direct motors to
vesicular cargo. These recent studies indicate that cargo binding
may play a direct role in regulating motor activity. The goal of
this review is to describe recent progress in these research areas.
We will focus on studies that are revealing how components of
transport vesicles (cargo, GTP-binding proteins, coat proteins,
coat-bound accessory proteins) interact with or regulate cyto-
skeletal proteins and molecular motors. We hope to provide a
more complete picture of the molecular interface between cyto-
skeletal regulation and vesicular transport.2. Cytoskeletal dynamics at sites of clathrin-mediated
endocytosis
The role and regulation of actin during endocytosis have
been covered in several excellent recent review articles [6–9].
Thus, we will provide an overview of actin function during
clathrin vesicle budding from the plasma membrane beforeblished by Elsevier B.V. All rights reserved.
Fig. 1. Motor protein-mediated motility of organelles and transport
vesicles requires spatial, temporal, and directional regulation. (A)
Mechanisms for spatial regulation must exist to ensure that while a
nascent vesicle binds to a motor and becomes motile, the donor
organelle does not. (B) Temporal regulation should occur in order to
coordinate motor recruitment with other steps in vesicle formation.
Motor-based motility should be blocked until vesicle coat assembly,
cargo packaging, and vesicle scission have been completed. (C) In the
cases where vesicles or cargo are recycled or undergo bidirectional
transport, regulatory processes must ensure that the correct motor is
functional. For example, during recycling between the ER and the
Golgi apparatus coatomer-coated vesiculotubular clusters undergo
dynein-mediated anterograde transport, whereas coatomer-coated
COPI vesicles mediating retrograde transport from the Golgi appara-
tus utilize kinesin motors.
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eted role for the accessory actin-binding protein Hip1R/Sla2p
in connecting clathrin-vesicle assembly to the regulation of ac-
tin dynamics. We will also describe new evidence indicating
that cargo proteins are able to inﬂuence endocytic vesicle re-
lease and motility.
2.1. Correlation between actin polymerization and endocytic
vesicles is revealed by time-lapse microscopy
Time-lapse epiﬂuorescence microscopy studies in yeast and
total internal reﬂection ﬂuorescence (TIRF) microscopy imag-
ing of the cell-surface in higher eukaryotic cells reveal that
there is a burst of actin polymerization that occurs at the sites
of clathrin vesicle assembly [10–12]. Clathrin vesicle formation
requires a time course of 1–2 min with actin polymerization
occurring as a relatively late step in both yeast and mammalian
cells that correlates with the scission event and the movement
of vesicles away from the plasma membrane. Actin polymeri-
zation at sites of vesicle assembly occurs by recruitment and
activation of the Arp2/3 complex [6–9]. Actin polymerization
facilitates endocytosis in mammalian cells but is essential for
endocytosis in yeast. Actin polymerization is regulated in part
through the recruitment of accessory proteins including Sla2p
and Pan1p. Proteins are recruited as several distinct modules
to clathrin vesicles in yeast [6,13]. The clathrin coat is recruited
ﬁrst followed by proteins Sla2p, and Pan1p that are involved in
regulating actin dynamics. Arp2/3-dependent actin polymeri-
zation occurs together with the recruitment of the actin-bind-
ing protein Abp1p at a later time point immediately before
vesicle movement. The time-resolved recruitment of distinct
protein modules likely ensures that cargo selection and vesicle
assembly are properly coordinated with latter events such as
the scission reaction and motility.
2.2. Hip1R and Sla2p are key proteins linking clathrin coats
to actin dynamics
The Huntingtin-interacting-protein-related (Hip1R) protein
and its yeast ortholog, Sla2p, are clathrin-vesicle associated
proteins that are involved in connecting vesicle assembly withthe regulation of actin dynamics. These proteins bind directly
to the clathrin light chain through a central coiled-coil domain
[14–17] and to actin ﬁlaments through a C-terminal talin-like
domain [15,18]. Sla2p was found to regulate actin assembly
in a manner that is dependent on its interaction with clathrin
[17]. Sla2p binds in the form of patches on the cell surface in
the absence of clathrin but these Sla2p patches are associated
with abnormal comet-tail-like actin structures.
Recent studies reveal that Sla2p and Hip1R may aﬀect actin
dynamics in multiple ways that are directed through interac-
tions with other actin-binding proteins. One recently identiﬁed
binding partner for Sla2p is the yeast actin-binding protein,
Pan1p [19]. Pan1p is an activator of the Arp2/3 complex during
endocytosis. Pan1p arrives at endocytic vesicles prior to actin
polymerization and thus must be kept inactive until the correct
time for vesicle scission and motility. Pan1p’s activity is inhib-
ited when bound to Sla2p indicating that Sla2p is important
for specifying the timing of Pan1p-dependent Arp2/3 activity
[19]. According to this model, vesicle-associated actin polymer-
ization would commence upon the completion of vesicle
assembly by an unknown signal that causes the disruption of
the Sla2p/Pan1p complex.
The mammalian ortholog, Hip1R is also able to bind to an
actin binding protein, cortactin, and block cortactin/N-WASP-
dependent activation of Arp2/3 [20]. Interestingly, the Hip1R/
cortactin complex was found to have an additional actin plus-
end capping activity. Thus, Hip1R through its binding interac-
tion with cortactin may regulate actin polymerization in
multiple ways. It is proposed that Hip1R regulates Arp2/3-
dependent actin polymerization at the neck of a budding ves-
icle while capping actin through its binding interaction with
cortactin at the vesicle surface. This actin structure may assist
in pushing vesicles away from the cell surface. The studies with
Sla2p and Hip1R reveal that they might carry out multiple
functions that are modiﬁed through interactions with the
clathrin coat and other coat-bound accessory proteins.2.3. Endocytic cargo proteins inﬂuence downstream vesicle
motility
Several degraded endocytic cargo proteins such as the low-
density lipoprotein (LDL) and epidermal growth factor
(EGF) rapidly segregate from the recycled cargo protein trans-
ferrin receptor during endocytosis [21]. Endocytosis via these
two subclasses of early endosomes displays distinct properties
[21]. For example, internalization of transferrin required the
clathrin adaptor AP-2 whereas internalization of the degraded
cargo was not aﬀected by AP-2 knockdown. Importantly, the
LDL/EGF-containing endosomes underwent more rapid
microtubule-based motility and maturation (Rab7 acquisition)
when compared to the endosomes that contained transferrin
receptor. While these proteins might be recruited into distinct
preexisting endosomes, a second interesting possibility is that
the cargo proteins inﬂuence the properties of clathrin vesicles
and their interactions with the microtubule cytoskeleton. Stud-
ies using G-protein-coupled receptors [22] and the bacterial
toxin, Shiga toxin [23], indicate that cargo can inﬂuence inter-
actions between endocytic vesicles and the cytoskeleton.
Some G-protein-coupled receptor proteins are present in
clathrin-coated pits that display a prolonged surface residence
time when compared to clathrin vesicles involved in transfer-
rin uptake [22]. This may help optimize cargo packaging or
Fig. 2. Some activated G-protein-coupled receptors undergo delayed
internalization by directing interactions between clathrin-coated ves-
icles and the actin cytoskeleton. G-protein-coupled receptors (GPCRs)
are recruited to clathrin-coated pits after ligand binding (Left). For
GPCRs that contain PDZ-ligand domains, an anchor between the
forming vesicle and the actin cytoskeleton may be formed via PDZ-
domain-containing proteins and the ERM-family of actin binding
proteins. This creates clathrin-coated pits with delayed internalization
and extended cell-surface residence times [22]. The transferrin receptor
(Right) is also internalized through clathrin-coated pits. However,
transferrin lacks a PDZ domain and does not form ERM-dependent
interactions with cortical actin. Thus, for transferrin containing
vesicles, the scission and internalization steps proceed rapidly.
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residence time occurs because of a delay in dynamin-mediated
scission and internalization of the vesicles. The delayed inter-
nalization involved a PDZ-ligand domain present at the
C-terminus of some G-protein-coupled receptors (Fig. 2).
Appending a PDZ-ligand domain from the b-adrenergic recep-
tor onto the d-opioid receptor caused the d-opioid receptor to
undergo delayed internalization [22]. A chimeric opioid recep-
tor containing the actin-binding domain of ezrin, an ezrin/
radixin/moesin (ERM)-family protein, also underwent delayed
internalization. The G-protein-coupled receptors, therefore,
appear to modulate internalization kinetics by recruiting
PDZ-domain-containing proteins and ERM-family actin bind-
ing proteins. It is proposed that cargo-dependent binding inter-
actions between the vesicles and cortical actin play a role in
specifying the timing of scission and internalization (Fig. 2).
Shiga toxin, secreted by pathogenic Escherichia coli, is an-
other example of an endocytic cargo protein that inﬂuences
cytoskeletal dynamics and vesicle motility. This toxin under-
goes retrograde transport from endosomes to the Golgi appa-
ratus. It is then transported from the Golgi apparatus to the
endoplasmic reticulum (ER) where it enters the cytosol. Shiga
toxin requires dynein-mediated motility along microtubules for
retrograde transport from endosomes to the Golgi complex
[23]. Upon binding to its glycolipid receptor at the cell surface,
the B subunit of the toxin causes an increase in both actin
polymerization and microtubule assembly [23,24]. In addition
to increasing the rate of microtubule assembly, Shiga toxin
bound to the cell surface increases the rate of microtubule-
dependent organelle and vesicle motility such as the transport
of transferrin from early endosomes to the juxtanuclear recy-cling compartment [23]. These ﬁndings raise the interesting
possibility that the Shiga toxin-dependent changes in cytoskel-
etal dynamics serve to facilitate the toxin’s intracellular trans-
port from endosomes to the juxtanuclear Golgi complex.
The ability of vesicle coat and cargo proteins to inﬂuence
cytoskeletal dynamics and vesicle motility is not unique to
endocytosis but is recapitulated during microtubule-dependent
vesicular transport at the Golgi complex as reviewed in the fol-
lowing section.3. Protein transport at the Golgi complex involves
interdependent use of microtubule motors and cargo
regulated actin dynamics
3.1. Microtubule motor proteins direct transport to and from
the Golgi apparatus
Protein transport at the Golgi complex utilizes both micro-
tubule- and actin-associated motor proteins [1,3,25,26]. The
cytoskeleton is also necessary for Golgi morphology and intra-
cellular positioning. Disrupting microtubules or blocking
dynein function causes a dramatic redistribution of Golgi
stacks from a compact juxtanuclear structure localized at the
centrosome to dispersed punctate structures localized near
ER-exit sites [1,25]. Because of the Golgi apparatus’ position
at the centrosome (microtubule-organizing center), it is ex-
pected that transport toward the Golgi apparatus should be
mediated by minus end-directed microtubule motors (dynein)
and transport away from the Golgi should be mediated by
plus-end-directed motors (kinesins). This has now largely been
conﬁrmed.
Anterograde post-Golgi transport involves conventional
kinesins, kinesin-1. The regulation of kinesin-based post-Golgi
vesicular transport is not understood, although kinesin-medi-
ated endosome motility is regulated by multiple Rab proteins
[1]. Retrograde transport from the Golgi apparatus to the
ER or ER/Golgi intermediate compartment (ERGIC) appears
to involve multiple classes of motor proteins [1,3,25,26]. Retro-
grade transport or retrieval of cargo proteins containing
KDEL or dibasic ER retrieval signals is mediated by COPI
vesicles. Microinjecting inhibitory antibodies into cells re-
vealed a role for kinesin-1 in retrograde COPI-dependent
transport [27]. Interestingly, RNAi-mediated knockdown of
kinesin-2 expression showed that this kinesin also contributes
to COPI-mediated Golgi-to-ER transport [28]. Dynein has
also been implicated in COPI-independent retrograde trans-
port from the Golgi complex [1,29]. While it is diﬃcult to pic-
ture how a minus-end directed motor mediates transport away
from the Golgi apparatus toward the ER, this might reﬂect the
fact that the morphological relationships among Golgi exit
sites, the ERGIC, and ER entry sites are poorly understood.
Protein transport toward the Golgi apparatus is mediated by
dynein through its adaptor complex dynactin. This has been
shown for ER-to-Golgi transport via COPI-coated vesiculotu-
bular clusters [30], and recently for endosome-to-Golgi traf-
ﬁcking of Shiga toxin [23]. Multiple protein factors have now
been identiﬁed that may mediate binding interactions between
the dynein/dynactin complex and Golgi vesicles. The proteins
ZW10 and RINT-1 are involved in dynein function both dur-
ing mitotic chromosome segregation and cytoplasmic trans-
port in non-mitotic cells [31–34]. Interestingly, these proteins
bind the ER-Golgi SNARE protein syntaxin 18, and are
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ER-to-Golgi transport. The golgin family of tethering pro-
teins, including lava-lamp, tGolgin-1, and BicaudalD, also
serve to regulate dynein recruitment or function at the Golgi
apparatus [1,25]. The GTP-binding protein Rab6 regulates
BicaudalD interactions with the dynein/dynactin complex
[29]. Many details regarding the precise roles of these proteins
and mechanisms for regulated dynein binding to vesicles re-
main to be clariﬁed. Surprisingly, clues regarding how dynein
recruitment is regulated during COPI vesicle formation have
emerged from studies on ARF1-dependent actin polymeriza-
tion.
3.2. The cargo-sensitive binding interaction between coatomer
and Cdc42 regulate actin dynamics and dynein
recruitment on Golgi vesicles
Besides (or as part of) triggering COPI vesicle assembly, the
GTP-binding protein ARF1 triggers actin polymerization on
Golgi membranes [35]. Eﬀorts to understand ARF1-dependent
actin dynamics have converged with studies characterizing
Cdc42 regulation and eﬀectors at the Golgi complex. Cdc42
function is involved in protein transport at the Golgi complex
[3,36,37]. Together, these studies have elucidated a signaling
pathway that connects ARF1 to Arp2/3-dependent actin poly-
merization (Fig. 3) [35]. Upon ARF1 activation, Cdc42 is re-
cruited to Golgi membranes through a binding interaction
with the c-COP subunit of the COPI vesicle coat protein, coa-
tomer [35,38]. Importantly, this interaction is sensitive to the
putative vesicle cargo receptor, p23, such that coatomer cannot
be simultaneously bound to Cdc42 and p23 (Fig. 3) [35,38]. A
Golgi-localized Cdc42 GTPase activating protein (GAP),
ARHGAP10, has been identiﬁed that is speciﬁc for ARF1-
dependent Cdc42 function [39]. Interestingly, coatomer is
required for Cdc42-regulated protein targeting during cell-
polarity determination in yeast indicating that signaling
through a coatomer/Cdc42 complex may occur in all eukary-
otic cells [40].Fig. 3. Actin dynamics and dynein recruitment on COPI vesicles is regulate
Cdc42. Actin polymerization on Golgi vesicles is stimulated by the ARF1
coatomer and the Rho-family GTP-binding protein, Cdc42 [35]. ARF1-depe
the GTPase activating protein, ARHGAP10 [39]. Active Cdc42 also inhibits d
be simultaneously bound to Cdc42 and the p23 putative cargo receptor. Thu
dynein recruitment. This signaling may ensure that vesicle motility does not cARF1 and Cdc42-dependent actin polymerization on Golgi
membranes involves the previously characterized eﬀectors
WASP and Arp2/3 [41,42]. Reconstitution of ARF1-dependent
actin polymerization on isolated Golgi membranes shows that
two distinct pools of ARF1-dependent actin can be deﬁned
based on sensitivity to toxins and their interactions with two
related actin-binding proteins mAbp1 and drebrin [35,43]. In
addition to its role in endocytosis, the actin-binding protein
cortactin is involved in post-Golgi transport and its binding
to Golgi membranes also is regulated by ARF1 [44]. The bind-
ing of mAbp1 to Golgi membranes, unlike drebrin, is depen-
dent on the coatomer/Cdc42 binding interaction. The ability
to bind speciﬁcally to actin polymerized upon activation of
the coatomer/Cdc42 complex is conferred by the actin-binding
domains of mAbp1 [43]. These properties of mAbp1 make it a
good candidate eﬀector to function downstream of coatomer-
bound Cdc42.
Attempts to identify other Cdc42-dependent vesicle-associ-
ated actin-binding proteins led to the unexpected observation
that dynein recruitment to COPI vesicles is regulated by the
coatomer/Cdc42 complex [36]. When the coatomer/Cdc42
binding interaction is disrupted by the p23 cargo receptor,
there is an ARF1-dependent increase in vesicle associated dy-
nein (Fig. 3). Thus, coatomer-bound Cdc42 acts as a negative
regulator of dynein recruitment. This is consistent with the
ﬁnding that the expression of constitutively-active Cdc42 dis-
rupts the dynein-dependent translocation of coatomer-coated
vesiculotubular clusters from ER exit sites to the Golgi com-
plex. Cdc42 may aﬀect multiple microtubule-dependent trans-
port steps at the Golgi complex because inhibiting Cdc42 with
the small molecule secramine blocks exit of anterograde direc-
ted cargo [37]. The ability of a cargo protein to block Cdc42
signaling and thus stimulate motor recruitment may provide
a mechanism to ensure that vesicle motility is inhibited until
the completion of vesicle assembly (Fig. 1B).
The eﬀects of Cdc42 on dynein recruitment involved changes
in actin dynamics [36]. This indicates that there is crosstalkd through a cargo-sensitive binding interaction between coatomer and
-dependent recruitment of a complex between the COPI-coat protein,
ndent Cdc42 function at the Golgi apparatus is speciﬁcally regulated by
ynein recruitment in an actin-dependent manner [36]. Coatomer cannot
s, the presence of p23 acts to block actin polymerization and stimulate
ommence until the completion of vesicle assembly and cargo packaging.
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may imply a ‘‘handoﬀ’’ type mechanism wherein an actin-
dependent motility event precedes and helps regulate the sub-
sequent microtubule motor-dependent vesicle translocation.
Another possibility is that actin assembled on transport vesi-
cles serves as a signaling scaﬀold to organize regulatory pro-
teins involved in the later steps of vesicle formation such as
scission and microtubule-dependent motility.4. Structural analysis of myosin and kinesin cargo-binding
domains reveals possible cargo-sensitive regulation
Actin-dependent myosin motors and microtubule-dependent
kinesin motors are both comprised of large protein families.
These motors share N-terminal head domains that mediate
the ATP-sensitive binding to microﬁlaments or microtubules
and C-terminal tail domains implicated in cargo binding.
The yeast myosin 5 isoform, myo2p, mediates motility of mul-
tiple types of intracellular cargo. The characterization of tryp-
tic fragments and a recently solved crystal structure reveal that
the globular tail domain is divided into two distinct subdo-
mains (Fig. 4A) [45,46]. One of these domains binds to vacu-
oles and mediates vacuole inheritance during yeast budding.
The second subdomain mediates transport vesicle motility.
The crystal structure reveals that the vacuole-binding surfaceFig. 4. Cargo binding to the globular tail domain of myosin 5a regulates its s
terminal head domain and a C-terminal globular tail domain. The head dom
domain contains the cargo-binding sites. Structural analysis of the yeast myos
cargo-binding modules one for transport vesicles and a second for vacuoles
ATPase activity of the N-terminal head domain. It is proposed that cargo bi
change leading to the activation of the motor [50,51].on subdomain I and the binding surface for vesicles on subdo-
main II are oﬀset by 180. Thus, two distinct cargo-binding
motifs on the globular cargo tail are distant from each other
and simultaneously exposed. This might also allow speciﬁc reg-
ulation for vesicle versus organelle motility (i.e. Fig. 1A).
Cargo selection by kinesin motors also involves the tail do-
mains composed of kinesin heavy- and light-chain subunits.
Splicing variants of the light chain confer the ability of kinesin
to bind to multiple types of cargo [47]. A longer splice variant
(KLC1D) is responsible for Golgi membrane motility whereas
a shorter variant (KLC1B) mediates ER motility. These stud-
ies show that myosins and kinesins expand the repertoire of
cargo interactions through the presence of multiple binding
surfaces within their tertiary structure (myosin 5), or altera-
tions in their primary structure as generated by splice variants.
Kinesins exist in an inactive folded form and an active ex-
tended form. Analysis of kinesin truncation and point muta-
tions indicate that in the folded conformation, a motif on
the tail domain inhibits ATPase activity in the head domain
[48,49]. Recently, structures of myosin 5 obtained by nega-
tive-staining electron microscopy reveal similar folded and un-
folded states [50,51]. The myosin 5 globular tail domain also
inhibits the ATPase activity of the head domain. Based on
these studies, a model has been proposed wherein the motor re-
mains in the inactive folded form until the binding of an
appropriate cargo protein triggers a conformation changetructure and activity. (A) The heavy chain of myosin 5 contains an N-
ain contains the binding sites for actin and ATP. The globular tail
in 5 protein, Myo2p, reveals that the globular tail contains two distinct
[45,46]. (B) The globular tail of myosin 5a can bind and inhibit the
nding to the globular tail domain of myosin 5 causes a conformation
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concept has important implications because it could allow mo-
tor-protein recruitment and motor function to be regulated
separately. Future studies will be required to test whether this
type of regulation plays a role during motor-based motility of
secretory organelles and vesicles.5. Conclusions
Over the past 5 years, research interest in the function and
regulation of cytoskeleton-based motility in the secretory path-
way has greatly increased. This interest together with improved
techniques such as evanescent-ﬁeld time-lapse microscopy and
the reconstitution of organelle-associated cytoskeletal regula-
tion in cell-free systems is leading to rapid advancement. Thus,
the types of motor proteins and cytoskeletal ﬁlaments used for
each traﬃcking step are now becoming deﬁned. Each of the
three major classes of transport vesicle coats COPII [52], COPI
[35,36], and clathrin [6–9] form binding interactions with regu-
latory or structural components of the cytoskeleton-based
motility machinery. Multiple types of coat-bound accessory
proteins participate at the interface between vesicle formation
and the cytoskeleton. It has been shown that cytoskeletal
dynamics and motor protein function are regulated through
the Rab, ARF and Rho families of GTP-binding proteins.
Additional progress should clarify the speciﬁc contributions
of individual proteins in the spatial and temporal regulation
of motility as well as how these proteins adopt distinct func-
tions as part of complexes.
An important theme that is emerging during the recent pro-
gress in this area is that the cargo proteins may not simply be
passive ‘‘passengers’’ within vesicles, but in addition have the
ability to direct cytoskeletal function and intracellular motility.
As outlined above, cargo can direct interactions with actin to
regulate the timing of endocytic vesicle formation. Cargo-reg-
ulated actin dynamics at the Golgi can ensure that motor pro-
teins are only recruited upon completion of cargo packaging
and coat assembly. Binding interactions between motor pro-
teins and cargo may function not only for recruitment but also
as part of the mechanism for regulating the head domain’s
interaction with cytoskeletal ﬁlaments. It seems likely that
these represent only initial observations, and that the rapid re-
search progress into the interface between transport vesicles
and the cytoskeleton will soon oﬀer many more examples of
cargo-based regulatory mechanisms.
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